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Abstract 
Industrialised Building System (IBS) is world wide responding to sustainable construction. In order to be competitive 
in this current trend, local construction players have to take this advantages and shift their paradigm from 
conventional construction to IBS. This paper therefore, aimed to determine the economic attributes related to the 
sustainability of Malaysian construction. The main tool used for data collection is questionnaire survey collected 
from 50 respondents. The results showed that there are many momentous economical attributes identified related with 
sustainable and IBS, which are IBS offers long term monitoring mechanism by using Life Cycle Costing in cost 
development, the thoughts of environmental-related products are always involved a huge financial burden up-front 
and in term of financial investment, IBS offers more speed Return-on-Investment of a project. Based on information 
gained strategies to strengthen and promotes broader adoption of sustainability in IBS construction, in Malaysia was 
suggested. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Centre for Environment-
Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia. 
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1. Introduction 
Construction Industry Development Board of Malaysia (CIDB) defined Industrialised Building System 
(IBS) as a construction system with a combination of components manufactured either on or off site then 
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positioned and assembled into structures. Kibert (2007) stated Sustainability in construction and 
development must result in the creation and responsible maintenance of a healthy environment, based on 
ecological principles, and means of an efficient use of resources Apparently, sustainability in 
construction offers the most accurate response to the present environmental and social economy problem. 
Besides, sustainability would be the most suitable move to enhance the rigorous labor, human health and 
safety risk, conventional on-site construction method (Jaillon et. al., 2008). It can be concluded that, 
sustainability would be the most suitable performance criteria in IBS. Muhammad et. al. (2009) stated 
that, from their research, 70% of the construction players in Malaysia were financially ready to venture in 
IBS related project.  
In order to cope with these challenges, the Malaysian construction industry took a serious effort to 
change to an innovative method in construction, which is Industrialised Building System (IBS) (Kamar et. 
al. 2010). Under the Strategic Thrust 5: Innovate through R&D to adopt a new construction method in the 
Construction Industry Master Plan 2006-2015 (CIMP 2006-2015), it highlights the importance of IBS. 
1.1. The sustainability attributes in IBS 
Encyclopedia of Earth (2007) defined sustainable construction as the set of processes by which a 
profitable and competitive industry deliver built assets that enhance the quality of life and offer customer 
satisfaction, offer flexibility and the potential to cater for user changes in the future, provide and support 
desirable natural and social environments and maximise the efficient use of resources. 
The built environment has such an impact on the national economy. An emphasis toward a more 
sustainable approach to building design and life cycle performance continues to gain momentum.  
Sustainable building practice, response by green building efforts, attempts to identify how the built 
environment impacts the natural world and subsequently offers a balance of sound performance with 
environmental integrity (Nornes, 2005).  Robichaud and Anantatmula (2010) stated that barriers to green 
building continue to exist including the ability to deliver a green project within acceptable cost 
constraints.  
Despite of covering a wide scope of meanings, one cannot distinguish it properly with conventional 
practice. Construction Industry Development Board of Malaysia (CIDB) defined IBS as low tech 
solutions and other practices which have already become common and not substituting conventional 
practices. As such, IBS can be interpreted as an approach or process used in making construction less 
labour-oriented and fastest as well as fulfilling quality concern (Shaari S.N. and Ismail, E., 2003). 
Industrialization is a part of a wider modernization process through the development of modern 
methods of production and technology system. The production operations mechanized and focused on 
mass production, in the perspective of construction. IBS as defined by Abdullah and Egbu (2009) as a 
method of construction developed due to human investment in innovation and on rethinking the best ways 
of construction work deliveries based on the level of industrialization. 
There are vast potential for Industrialised Building System (IBS) to response to green construction and 
sustainability. Thanoon et. al (2003) stated that there are several aspects of IBS that has the potential of 
contributing to different aspects of sustainability and green construction. Kamar et. al. (2010) stated 
parallel to the rapid growth of the construction industry, issues regarding the sustainability could have 
addressed faster and more efficient IBS can be a potential solution to 
achieve greatness in the area of green construction and sustainability.  
There are several aspects of IBS that has the potential of contributing to different aspects of 
sustainability and green construction. Some of the aspects are sustainability from controlled production 
environment, IBS and waste, IBS and building material, IBS and logistic and IBS and economic 
sustainability. 
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From an extensive review of past research, the authors have gathered potential sustainability potential 
attributes in IBS implementation.  Harris (2000) has categorized the base of principles of sustainable 
development, which are Economic, Environmental and Social. Yunus et. al. (2011) has introduced the 
hybrid criteria with an extended version off the basic sustainable principles. The area of application or the 
construction stage will highlight in the hybrid criteria. Then, it was divided into the economic, social, 
environmental and institutional (Yunus et. al. 2011) (Table 1). 
This paper will commence by identifying the potential sustainable attributes in IBS, and then continue 
to discuss the correlation between IBS and sustainability. However, this paper will only focus on the 
economic attributes of sustainability in IBS.  
1.2. The economical attributes in IBS 
Malaysia saw strong sustained growth over last three decades, growing at an average annual rate of 
5.8%. The significant structural is accompanying the economy (Business Times, 2013). The continuous 
effort made by Construction Industry Development Board Malaysia (CIDB) seems to be fruitful in 
educating and providing knowledge within construction community in Malaysian construction industry. 
The Malaysian Construction Industry Master Plan 2005-2015 stated it was mandatory to drive changes in 
the local construction market. It was of note to pursue long term sustainability and ensure sustainable 
capabilities to the stakeholder. Shen et.al. (2007) stated the main objective of a construction project is to 
ensure financial affordability to the stakeholders and clients, employment opportunities, competitiveness 
and maintain the needs of future generations. This certainly can be achieved by incorporating IBS in the 
project. IBS does not only benefit the environment it also promises profitable returns to the stakeholders 
and clients. Yunus et. al (2011) explained that IBS offers the possibility for the stakeholders and 
developers to decrease their expenditures and increase their future profits. Yee (2001) emphasized on the 
benefit of IBS in reducing the cost of materials. A good collaboration between project participants can be 
formed while adapting IBS in a project as described further by Richard (2006). The collaboration could 
be in a form of knowledge sharing as well as experiences, which have a possibility to reducing the cost. 
The central measure of Gross Domestic Product (GDP) and the status quo of the economy often serve as a 
yardstick for development (Yang, 2005). In sustainable construction, the economic principle requires 
equitable distribution in costs and benefits to all parties without neglecting ethics and local economies 
(Epstein et. al. 2010). IBS offers unique attributes that a tangible cost and intangible cost for the complete 
building are reduced concurrently along the building life cycle. The economic considerations in 
sustainable attributes are expanded by flexibility, adaptability and local and domestic situation. 
The main advantages of IBS in the economic or monetary perspectives are the quality, speed of 
construction and cost savings. The high quality characteristics in IBS have reduced maintenance and 
operation costs. Yunus et. al (2011) stated by adopting IBS implementation, the cost for labour and 
materials have also reduced significantly. Kamar (2013) stated that many contractors are reluctant to 
participate in any IBS project because of the cost, specifically the material and labour cost are spike high 
despite the overall cost saving it offers. By right, IBS offers an overall cost saving rather than individual 
cost perspective indeed it offers a comfortable profit margin.  Jaillon et. al. (2008) proved that a cost 
saving of 16% in labour requirement on-site are achievable as well as a reduction of 15% of total 
construction time by using IBS in a construction project. Goodier et. al. (2006) and Ding (2008) further 
highlighted that a significant time saving is achievable by adopting IBS in a construction due to the 
standardization process in manufacturing hence it will shorten the lead time, improve quality control and 
reduce material. IBS will help to promote sustainability in construction, provided that each construction 
participants realize and has a better understanding on the potential of IBS in enhancing sustainability.  
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Table1. Sustainability criteria by Yunus et.al 
 
Area of application Economic Attributes Social Attributes Environmental 
Attributes 
Institutional attributes 
Planning and urban 
development 
Long term cost Principles and values Site disruption Population 
Availability Local community Land use Public awareness 
Local Economy Market Pollution Disaster awareness 
Profitability Knowledge and skills Performance Public participation 
First cost Education   
Legal Bindings and 
relationship 
Technology   
 Participation and 
control 
  
Design integration Constructibility Architectural Impact Preservation Building capacity 
Design Inclusive environment 
 Improved occupant 
comfort 
Construction and 
manufacturing 
 
 
 
 
 
 
 
Quality Health and safety Energy and gas  
Time Site attributes Materials 
Schedule  Water 
Efficiency  Waste 
Transportation and 
lifting requirement 
  
Production   
Adaptability and 
flexibility 
    
 
This paper aimed to establish the relationship between economic attributes in basic sustainable 
principles with the general notion of IBS attributes. Perhaps the outcome from this research can give a 
better understanding and considerations of both positive and negative aspects of pursuing sustainability in 
construction. 
2. Research methodology 
This paper aimed to establish the relationship between sustainable economic attributes with IBS 
attributes and to validate all the economic attributes obtained from past researches results. Kamar et. al. 
(2010) stated that since IBS has the potential to promote sustainability, hence a serious step should be 
taken into consideration in merging IBS into the issue of sustainable and simultaneously contributes to 
sustainable development. It is essential to highlight the positive economic attributes which can convince 
the industry player to participate in IBS project. 
The questionnaire is divided into four sections exploring attributes from IBS and sustainability 
construction. Respondent demography, background and level of experience are identified in part 1. Then 
in part 2, the IBS attributes are listed according to the economic value, environmental social and 
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institutional attributes to help respondent rate the level of agreement for the attributes. Part 3, all the 
sustainable construction attributes, are listed according to the same category as part 2. Part 4 investigated 
the correlation between main categories in IBS construction and sustainable developments. A five point 
Likert scales d
questionnaire 
The data collection process is carried out by using unstructured interviews and questionnaire survey 
distributed to the targeted respondent. The unstructured interviews with 10 experienced personnel and 
professionals are conducted to obtain preliminary ideas of designing the questionnaire. The 
questionnaires, distributed directly to consultant, contractor and manufacturer firms, gathered data from 
respondents including engineers, architects, quantity surveyors, and technical personnel. The 
questionnaires were distributed to the respondents all across Malaysia via email, postage and online 
retrieval. The list of potential respondent was extracted from the official list of professionals (CIDB and 
IBS Center). The questionnaire was sent to 200 individuals and 55 responded which giving 28 per cent. 
According to previous researches, the response rate for the construction industry is between 20 to 30 per 
cent, therefore, that is acceptable. The quantitative analysis is used to investigate the relationship between 
attributes. All the analysis is performed with the assistance of Statistical Packages for Social Science 
(SPSS) Statistics 20.0. 
Table 2. Respondents frequencies 
N 
Valid 55 
Missing 0 
   
  Frequency Percent (%) Valid Percent 
(%) 
Cumulative Percent 
(%) 
Architect 8 14.5 14.5 14.5 
Engineer 10 18.2 18.2 32.7 
Executive 2 3.6 3.6 36.4 
Manager 6 10.9 10.9 47.3 
Others (Site SV & 
C.O.W) 4 7.3 7.3 54.5 
Quantity Surveyor 23 41.8 41.8 96.3 
Site Engineer 2 3.6 3.6 100 
Total 55 100 100 
  
3. The quantitative analysis 
The data from received questionnaires are recorded in SPSS 20.0. Descriptive statistic is conducted a 
check for distribution scores and continuous variables in terms of normality and possible outliers. Pallant 
(2010) suggest that correlation technique is suitable to explore the association between pairs of variables. 
Correlation is a statictical technique that an show whether and how strongly pairs of variable are related. 
The statist -
correlation coefficients (r) an range from -1 to +1. The sign in front indicates whether here is a positive 
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correlation (as one variable increases, so does the other) or negative correlation (as one variables increase, 
the other decreases). The size of the absolute value provides information on the strength of the 
relationship. To represent the strength of variance of two variables compared, coefficient of determination 
is calculated. 
Economic value of sustainable in this research is defined as equitable distribution of costs and benefits 
to all parties without neglecting ethics and local economies (Attribute 3) while there are 7 non-economic 
related IBS attributes.  From the table 3, the relationship between economic value of sustainable and IBS 
attributes was investigated using Pearson product-moment correlation coefficient. Preliminary analyses 
were performed to ensure no violation of assumptions of normality, linearity and homoscedasticity. In 
indicates no relationship at all, a correlation at 1.0 indicates a perfect positive correlation, and a value of -
 
3.1. Environmental related products were always involved a huge financial burden up front 
For IBS 1 which is a perception of any environmental outcome, it is always expected to involve huge 
financial burdens up front and costly, there was a small correlation between the two variables, r = .241, n 
= 55, p < .0005, with low level, about 6 per cent of coefficient determination. From the interview 
conducted, the author found out that the small shared variances obtained because there was numerous 
activities conducted locally to promote IBS in the industry, hence a stronger supply chain in the industry 
is established. Therefore, there was merely no issue in the perception of investing a huge amount of 
money in a way to prepare for IBS project. Yunus et. al. (2011) stated that different stakeholders have a 
different focus. In the other hand, while contractors more concerned on the cost and profits, designers 
normally put more concern on the aesthetic value and ability of the elements to support structural loads.  
3.2. Ability to execute the project with a minimum amount of waste and expenses 
ute with a minimum amount of waste and expenses, 
there was a small correlation between the two variables, r = .072, n = 55, p < .0005, with a particularly 
low level, 0.50 per cent of coefficient determination. From the interview conducted, these variables shows 
a merely low r value because the waste can be reduced if the project use more than 70 per cent of IBS 
components in the whole project where most of the component are manufactured off  site. While smaller 
project may create abundance amount of waste comes from in situ activities on-site. IBS promotes 
innovation to the better material management or design solution by incorporating sustainability than the 
conventional construction system (Tam, 2002). Any reduction on-site leads to waste reduction because of 
the controlled in the environment in any sustainable development project (Ding, 2008) 
3.3. Maintenance and operations costs are reduced with the high characteristic in IBS 
For IBS 3 which  is about the maintenance and operations costs are reduced when using IBS, there was 
variance. The merely low correlation, because the maintenance and operations of any buildings are 
influenced by the frequency of the necessary maintenance undertaken prior to the significant maintenance 
operation is carried out. If the buildings are maintained well, the operation cost will concurrently low. 
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Table 3. Relationship between sustainable economic value and IBS attributes 
 
IBS Attributes IBS 1 IBS 2 IBS 3 IBS 4 IBS 5 IBS 6 IBS 7 
IBS is the financial burden 
(IBS 1) 1 -0.111 0.144 -0.068 -0.134 .489** .405** 
Able to execute in 
minimal cost (IBS 2)   1 -0.253 -0.257 .711** .326* .601** 
Maintenance & operations 
cost is reduced (IBS 3)     1 -.275* -0.087 -0.223 -0.259 
Costs for labour & 
material is reduced (IBS 4)       1 -.300* -0.144 -0.23 
Waste reduction contribute 
saving in the overall cost 
(IBS 5)         1 0.155 .383** 
Speed Return on 
Investment (IBS 6)           1 .737** 
LCC offers long term cost 
monitoring (IBS 7)             1 
** Correlation is significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.05 level (2-tailed) 
 
3.4. Cost for material and labour is reduced in IBS implementation 
For IBS 4 which is about the cost for material and labour cost is reduced when using IBS, there was a 
correlation, r = 0.156, n = 55, p < .0005, with 2.4 per cent of shared variance. The small variance recorded 
mainly influenced by the small number of respondent.   
Refer to table 4 for Pearson Chi Square there is a relationship between these two variables as shown by 
p-value = 0.280 
labour, were reduced when using IBS. From the interview, the author found that the material costs, as 
well as labour cost, are literally influenced by the manufacture
has no power of control over the pricing quotes by manufacturer solely because of the monopoly exercise 
by them.  
The unique attribute of the construction industry is it depends on its workforce to execute its activities. 
Labour availability has identified as one of the critical factors in improving sustainability in IBS (Yunus 
et. al., 2011). Labour consumption is affected in IBS implementation as compared to the other industry. 
There will be a reduced number of labour needed in IBS implementation by limiting numbers of labours 
on-site, consequently reducing the cost of hiring the labours for the project (Tam, 2002). 
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Table 4. Chi square IBS 4 
 Value df Asymp. Sig. (2-
sided) 
Pearson Chi-Square 2.544a 2 .280 
Likelihood Ratio 2.667 2 .264 
Linear-by-Linear Association .504 1 .478 
N of Valid Cases 55 
  
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 2.36. 
 
Material cost includes all the cost involves before the materials transform into IBS components. The 
cost includes production, deliveries and storage of materials. In IBS, the cost of material is reduced by 
repetition, mass production of the pre cast elements (Yunus et. al., 2011). 
3.5. Waste reduction offers overall cost saving 
For IBS 5, waste reductions are expected to contribute overall cost saving in a project. There was a 
particularly small negative correlation, r = -.018, n = 55, p < .0005. However, the highest correlation, r = 
.383 recorded between IBS 4 and IBS 7 which is the use of life cycle costing method to help manage the 
expected cost from planning to demolishing the building. 
3.6. IBS offers speed return on investment 
For IBS 6, IBS offers speed Return on Investment (ROI) compared to the conventional system of 
construction. There was a small correlation, r = .169, p < .0005, with 3 per cent of shared variance. As 
previously discussed, Chen et. al. (2010) boasting on the return on investment (ROI) that IBS can offers 
once the break-even point is attained despite the huge critical investment at the early stage. IBS project 
offers a shorter lead time, hence the project duration will be shorten simultaneously. Earlier building 
occupancy is highly possible then the project could meet its break-than normal project.  
3.7. Life Cycle Costing (LCC) offers long term monitoring mechanism 
For IBS 7, highlights about the usage of LCC in calculating full cradle to grave development cost. 
There was a correlation, r = .215, p < .0005, with 5 per cent of shared variance. LCC is a highly useful 
tool to monitor the overall cost of any construction project as it offers cradle to grave cost estimation 
using present value. In other word, LCC can be a highly useful tool to help manage a good investment in 
IBS, yet the awareness on the usefulness of this method is still lagged behind any other cost estimation 
method available in the market (Bari, 2011). 
In IBS, one of the unique attribute it offers is the ability to reduce not only tangible cost but intangible 
costs too. Tangible costs in IBS include but not limited to purchasing materials, paying salaries and 
renting equipment and machines. Intangible cost is difficult to quantify and do not have firm value. 
Estimations of value are based on experience and assumption (Yang et. al., 2005). To be efficiency and 
effective in managing a successful project, a good overall planning is mandatory. Ability to execute 
construction projects with a minimum amount of quantity waste, expenses or unnecessary effort, which is 
financially measureable, will eliminate financial losses. LCC offers a greater certainty of cost and time 
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estimating by setting targets to achieve a profit in financial perspective in the possible building whole life 
cycle (Alridge, 2002). 
4. Conclusion 
From the analysis above, it can be concluded that the strongest attribute between sustainable economic 
value recorded, and IBS are environmental related products were always involved a huge financial burden 
up front with r=0.241, coefficient determination of 6 per cent, LCC offers long term monitoring 
mechanism with r=0.215, coefficient determination of 5 per cent and IBS offers speed Return on 
Investment with r = 0.169 with 3 per cent coefficient determination. 
The unique characteristic of IBS will help promotes sustainability in construction. Before wider 
adoption of this alternative construction method, there must be a better understanding on the potential of 
IBS in enhancing sustainability.  An integrated assessment process and effective collaboration between 
Designers, Planning Constructors, and Building Authorities on the key attributes and evaluation of 
sustainability criteria will work towards sustainable IBS delivery. 
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